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LOAD DEVICE
Wilhelmus Hubertus Louis Claessen, Emmasingel, Eind-
hoven, Netherlands, assignor to North American Philips
Company, Inc, New York, N.Y., a corporation of
Delaware
Filed June 20, 1963, Ser. No. 289,360
Claims priority, application Netherlands, July 3, 1962,
280,449
15 Claims., (CL 340—324)

This invention relates to apparatus for energizing an
electrical load device, and more particularly to novel
electronic switching circuitry for supplying energizing po-
tentials to an indicating tube of the glow-discharge type,
or the like.

There are numerous systems which require a device
for reliably displaying in visual form coded information
which is available in the form of discrete voltage levels.
For example, in.a digital computer, the results obtained
at the end of a particular arithmetic operation are usunally
supplied in the form of binary voltage levels. Co-pend-
ing application, Serial No. 191,874, filed May 2, 1962,
discloses a “biquinary” glow-discharge tube suitable for
displaying binary coded or other forms of information in
an easily readable decimal form of notation. This tube
comprises a gas-filled envelope containing a plurality of
cathode glow electrodes which are shaped in the form
of numerals “0” to “9.” The cathode electrodes are ar-
ranged in two groups of odd and even numbered elec-
trodes. Each group has its own anode and the cathodes
are connected together in electrode pairs, one electrode
of each pair comprising an odd group cathode and the
other electrode of the pair comprising an even group
cathode. The two cathode electrodes of each pair are
connected via a single electronic switching circuit to a
source of energizing voltage. At any instant of time, de-
pendent upon the value of the binary coded signal to be
displayed, only a single electronic switching circuit will
supply energizing potentials to a particular electrode pair.
Each anode is also connected to individual switching cir-
cuits which supply energizing potentials thereto. Depend-
ent upon whether the decoded signal is an odd or even
value, one or the other of the anodes will be energized.
Thus only one discharge path is formed between an anode
and a cathode at any time and therefore only a single
cathode will draw current and display the decoded digit.
The voltage levels required to control both the anod and
cathode switching circuits are usually derived from a
single common decoding device. However, since the
-voltage level of the anode supply voltage to be switched
is considerably higher than the cathode supply voltage
to be switched, a voltage level changing circuit must be
interposed between the decoding device and the anode
switching circuits. This in turn makes the proper oper-
ation of the glow-discharge tube extremely sensitive to
relatively small variations in the anode supply voltage,
thereby necessitating the use of an extremely well reg-
ulated, and therefore expensive, source of anode supply
voltage.

Accordingly, it is an object.of this invention to provide
an improved control circuit which eliminates the afore-
mentioned disadvantages of the prior art arrangements.

It is also an object of this invention to provide a
novel control circuit for operating an electrical load cir-
cuit which is relatively insensitives to supply voltage var-
iations.

Another object of this invention is to provide a new
and improved control circuit for reliably operating a
glow discharge indicating tube despite variations in the
supply voltage.
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It is a further object of this invention to provide a
novel control circuit for operating an electrical load
which does not require the use of voltage level changing
devices or circuits.

Another object of this invention is to provide a novel
control circuit for operating a gas discharge tube with an
A.C. supply voltage.

It is yet another object of this invention to provide
a novel control circuit for energizing a biquinary gas
discharge tube by means of transistor devices in the
anode and cathode circuits of the tube, all of which
operate at or near ground potentials.

These and other objects are accomplished in accord-
ance with the invention by providing a novel control cir-
cuit for a biquinary indicating tube. The control circuit
supplies an alternating current to the anodes of the tube
and also produces a D.C. voltage. Switch means operat-
ing at relatively low voltage levels selectively apply the
D.C. voltage to one or the other of the tube anodes in
combination with the A.C. voltage. Other switch means
are provided in the tube cathode circuits for selectively
energizing the cathodes. The combined action of the
anode and cathode switching circuits serve to establish
current flow between a predetermined anode-cathode
pair.

In a preferred embodiment of the invention, each
anode of the biquinary tube is connected to a point of
constant potential by means of a current path comprising
the series combination of a capacitor and a source of
alternating voltage. A second current path is provided
in parallel with the first current path, and comprises the
series combination of a rectifier device and a low level
electronic-switching device, preferably a transistor. By
means of the rectifier and electronic-switching device, an
electrical charge is stored on the capacitor and com-
bined with the A.C. supply voltage to provide energizing
potentials sufficient to operate the tube to provide a visual
read-out of the available information.

The invention will be more clearly understood by ref-
erence to the following description when read in connec-
tion with the accompanying drawing in which:

FIG. 1is a schematic representation of one form of
prior art arrangement;

FIG. 2 is a schematic representation of an arrange-
ment embodying the invention.

Referring now to FIG. 1 of the drawing, there is shown

* one form of prior art control circuit for operating an

50

indicating device 17 of the biquinary glow discharge tube
type as disclosed in the above-mentioned co-pending U.S.
application. In one form of the invention, the biquinary
glow tube 17 is used to display the output of a binary

" counter composed of interconnected flip-flop trigger cir-

55

cuits 1 to 4. The interconnections of trigger circuits 1
to 4 to provide a counting operation are well known and
have been omitted from the drawing in the interests of

 simplicity and clarity. Trigger circuit 1 is assumed to
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be the lower order stage of the counter. At the end of
a counting operation, a decoding device 5, controlled by
flip-flop triggers 1 to 4, supplies an energizing voltage
either to its output terminal 6 or to its output terminal 7,
depending upon whether the count in the counting circuit
is an even or an odd number. Decoder 5 also determines
the numerical count and supplies the proper energizing
potentials at output terminals 8 to 12 so that only one
cathode-pair of tube 17 will be energized at one time, de-
pendent upon the numerical value, 0 to 9, stored in the
counter. Transistor switching circuits 18 to 22 are con-
trolled at their base electrodes by the decoder output volt-
ages supplied from the terminals 8 to 12, respectively.
For any given count, four of the electronic switches 18
to 22 will be turned “on” and only one will be turned
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“off.” The collector electrodes of transistors 18 to 22
are connected to the interconnected cathodes 23-24, 25—
26, through 31-32, respectively, of tube 17, and through
identical resistors 47 to a source of negative supply volt-
age (not shown) applied to terminal 33. The emitter
electrodes are connected directly to ground. Accord-
ingly, only one pair of interconnected cathodes of tube
17 are supplied with the negative voltage at terminal 33
at'any one time, i.e., the electrode-pair connected to the
“off” transistor. The remaining four sets of electrode-
pairs are brought to approximately ground potential due
to the “on” condition of their associated transistors.

A positive D.C. ‘supply voltage (not shown) is sup-

plied to terminal 36: The odd and even anodes 15 and
16 of titbe 17 receive a positive operating voltage from
the D.C. voltage appearing at terminal 36 via switching
transistors 13 and 14, respectively. The base electrodes
of transistors 13 and 14 are supplied with switching volt-
ages derived from terminals 6 and 7 of decoder 5 via
voltage level changing devices 34 and 35. Transistor 13
will be turned “on” only when an odd valued number
is stored in the counter, and transistor 14 will be turned
“on” only for even valued numbers. Thus, only one
discharge path is formed at any time between the anodes
15 or 16 and the cathodes 23 to 32. In operation, only
one cathode of the energized cathode-pair will draw
current and glow depending on which anode is energized.
The even-number cathodes glow when anode 16 is en-
ergized, and the odd-number cathodes glow when anode
15 is energized.
- The arrangement of FIG. 1 has the disadvantage that
decoder 5, in general, can only furnish at.its output
terminals 6-12 a relatively small variation in D.C. volt-
age levels.  The D.C. voltage levels supplied by decoder
5 at terminals 6-12 are somewhere in the vicinity of
ground potential. However, because the emitter elec-
trodes of transistor switching circuits 13 and 14 are con-
nected to a relatively high positive D.C. supply voltage,
voltage level changing devices 34 and 35 are necessary
for bridging the relatively low direct-voltage levels at
terminals 6 and 7 with the relatively high voltage level at
terminal 36. Voltage level changing devices 34 and 35
are therefore interposed between terminals 6 and 7 and
the control electrodes of electronic switches 13 and 14,
respectively. D.C. batteries, zener diodes, gas-filled tubes,
etc. could all be employed for devices 34 and 35. How-
ever, aside from the cost involved, this arrangement does
not provide an entirely satisfactory solution, since a rela-
tively small variation in the level of the positive D.C.
supply voltage at terminal 36 will cause an erroneous ad-
justment of electronic switches 13 and 14. A small varia-
tion in the supply voltage at terminal 36 may change the
operating levels of transistors 13 and 14 sufficiently so that
one or both of the transistors 13 and 14 will always be
held “on” or “off,” depending on the extent of the change
and the direction, i.e., whether terminal 36 becomes more
or less positive with respect to its normal operating value.
"~ The operating potentials supplied to glow discharge
tube 17 may be in the range of from 100 volts to about
300 volts. However, because of the limitations in the
maximum permissible D.C. voltages which can be safely
dpplied across transistors 18 to 22, the negative supply
voltage at terminal 33 cannot be made sufficiently nega-
tive so that terminal 36 could be supplied with approxi-
mately ground potential, rather than the high positive
voltage required to properly operate tube 17.

The invention will now be described with reference to
FIG. 2 which shows one embodiment of the invention.
The preferred embodiment of the invention shown pro-
vides a solution to the above problem, which applies, in
principle, for energizing any type of an electrical load.
This embodiment is characterized in that the load is con-
nected via a capacitor to an alternating-voltage supply
source and, via the series combination of a rectifier and
an electronic switch to a point of constant potential. In
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FIG. 2, elements similar to those described with reference
to FIG. 1 are designated by the same numerals. The
counter circuits 1-4, decoder 5, cathode switching cir-
cuits 18-22, and the indicating tube 17 all operate simi-
larly to the corresponding devices described with reference
to the prior art arrangement of FIG. 1, and will therefore
not be described in great detail with reference to FIG. 2.

Tube 17, of the type disclosed in the above-mentioned
co-pending U.S. application, is connected with its mul-
tiple cathodes 23-32 via electronic switches 18 to 22 to
a point of constant potential. - Switches 18 to 22 may be,
for example, PNP transistors of the type OC77. A nega-
tive voltage of, for example, 60 volts is supplied to the
terminal 33. Anodes 15 and 16 of tube 17 are connected
via capacitors 39 and 40, respectively, of approximately
one microfarad, to an alternating-voltage source. The
A.C. voltage source may conveniently comprise a trans-
former 4% connected to the A.C. supply voltage at ter-
minals 48. Transformer 41 may be rated to supply a sec-
ondary voltage having a peak value of approximately 50
volts. The anodes 15 and 16 are also connected via rec-
tifiers 42 and 43, respectively, and electronic switches 44
and 45, respectively, for example, PNP transistors of
the type OC77, to a point of constant potential with re-
spect to the control-voltages appearing at the terminals
6 and 7, respectively, of the decoding device 5.

The operation of the circuit is as follows: Let it be
assumed that for a certain count stored in counter cir-
cuits 1-4, a negative voltage is produced at the terminals
6 and 9 to 12 of the decoding device 5, and at the ter-
minals 7 and 8 a positive voltage is produced. Therefore,
electronic switches 44 and 19 to 22 are conducting and
electronic switches 45 and 18 are cut-off.  Thus, the
negative voltage at terminal 33 can only appeat at the
cathodes 23 and 24, connected to the collector electrode
of cut-off transistor 18. The anode 15 is supplied not
only with the alternating voltage across the secondary
winding of the transformer 41, but also the direct voltage
which is stored on the plates of the capacitor 39 and
which is produced by rectification of the alternating volt-
age. Capacitor 39 is charged on alternate half cycles of
the A.C. supply voltage by means of transistor 44 and
diode 42. The voltage difference between the anode 15
and the cathode 23 is then sufficient to ignite the gas in
the tube 17 in the area in the vicinity of said electrodes
which causes cathode 23 to luminesce. This provides an
indication of the state of decoding device 5 and the count
stored in counter circuits 1-4.

Since the electronic switch 45 is not conducting under
the assumed conditions, no charge current can flow via
the rectifier 43 to the capacitor 40 (a small difference, if
any, between the leakage currents of the semi-conductor
elements 45 and 43 may, if necessary, be conducted away
with the aid of a high resistance connected in parallel with
the capacitor 40). Therefore, the only voltage appear-
ing at anode 16 is that due to the A.C. supply voltage.
The voltage difference existing between the anode 16 and
the cathode 24 is then not adequate to produce a cor-
responding luminescence of the tube 17 in the area of the
latter electrodes. If the voltage difference should exceed
the ignition voltage of the tube 17, any spurious discharge
between the electrodes 16 and 24 would extinguish rap-
idly, since the capacitor 4¢ would then be charged by
the current flowing between said electrodes in a sense op-
posite to that necessary to sustain the glow, i.e., in a sense
such that the voltage difference between the electrodes
decreases.

A resistor 46, for example of 500 ohms, limits, if de-~
sired, the maximum switching-on current flowing through
the electronic switches 44 and 45, If desired, this resist-
ance may comprise the internal resistance of the sec-
ondary winding of the transformer 41. The voltage at
the terminal 33 need not be a direct voltage. It may be
an alternating voltage, for example, derived from the
transformer 41.
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It will be obvious that the arrangement of elements 39—
45 may also be utilized for starting other loads which
respond above a given minimum voltage. For example,
tube 17 may be replaced by electromagnetic relays or the
like, or by luminescent semiconductor devices luminescing
under the action of sufficiently high voltages between the
electrodes. - Other obvious modifications will suggest them-
selves to those skilled in the art. Instead of using junc-
tion transistors having an emitter-collector amplification
factor less than unity, use may also be made of controlled
rectifiers having an amplification factor which is higher
than one. It is therefore obvious that the novel control
circuit of this invention, in its broad aspects, is not in-
tended to be limited merely to the control of a biguinary
glow discharge tube as in the embodiment disclosed here-
in, but is only limited in scope as defined in the appended

. claims.

What is claimed is:

1. A circuit arrangement for operating a gas discharge
tube having first and second anodes and a plurality of
odd and even cathodes, individual ones of said odd and
even cathodes being electrically interconnected to form
a plurality of electrode pairs, said circuit arrangement
comprising a source of alternating voltage, means for
supplying said alternating voltage to said anodes, means
for producing a D.C. voltage, first switch means for se-
lectively applying said D.C. voltage to said first or sec-
ond anodes in series combination with said alternating
voltage, a plurality of other switch means operating at
a low voltage level, each of said electrode pairs being
individually connected with a predetermined one of said
other switch means, and means for selectively operating
predetermined ones of said other switch means, said
first switch means cooperating with said other switch
means to establish current flow in said gas tube between
a predetermined one of said anodes and a predetermined
one of said cathodes.

2. Apparatus as described in claim 1 wherein said first
switch means comprises first and second transistors each
having a pair of input electrodes and an output electrode,
means for connecting one of said input electrodes of each
transistor to a point of constant potential and the other
input electrode of each transistor to a source of switch-
ing voltage, and means for connecting the output elec-
trode of said first transistor in circuit with one of said
anodes and the output electrode of said second transistor
in circuit with the other one of said anodes, said switch-
ing voltage source supplying operating voltages for op-
erating said first and second transistors in mutunally ex-
clusive time intervals.

3. A circuit arrangement for energizing a gas dis-
charge tube having first and second anodes and first and
second cathodes individually associated with said first and
second anodes, respectively, said circuit arrangement com-
prising first and second parallel connected branches con-
nected between said first anode and a point of constant
potential and third and fourth parallel connected branches
connected between said second anode and said point of
constant potential, each of said first and third branches
comprising the series combination of an alternating cur-
rent source and capacitance means, each of said second
and fourth branches comprising the series combination
of a rectifier device and electronic switch means, means
for coupling said cathodes to a point of reference po-
tential, and means for selectively actuating said elec-
tronic switch means so as to store an electrical charge on
a predetermined one of said capacitance means derived
from said current source, whereby the combined voltage
produced by said current source and the charge on said
capacitance means is sufficient to ignite said gas tube
to cause a current flow between a predetermined anode-
cathode pair.

4. A circuit arrangement for operating a gas discharge
device of the type having first and second anodes individu-
ally associated with first and second cathodes, respec-
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tively, said circuit arrangement comprising a source of
alternating current, first capacitance means serially con-
nected with said current source and said first anode, sec-
ond capacitance means serially connected with said cur-
rent source and said second anode, means for connect-
ing said first anode to a point of constant potential by
means of a first current path comprising the series com-
bination of a first rectifier device and first switch means,
means for connecting said second anode to a point of
constant potential by means of a second current path
comprising the series combination of a second rectifier
device and second switch means, means for selectively
closing one of said switch means whereby the correspond-
ing capacitance means stores an electrical charge derived
from said current source, the combined voltage pro-
duced by said current source and the charge on said
capacitance means being sufficient to ignite said tube
to cause current flow between the anode connected to
said charged capacitance means and its associated
cathode. .

5. A circuit arrangement for energizing a gas dis-
charge tube of the type having first and second cathodes
and first and second anodes operatively associated with
said first and second cathodes, respectively, said tube
having a given ignition voltage for establishing current
flow between any given anode-cathode pair, said circuit
arrangement comprising first switch means connected
in the cathode circuits of said gas tube for selectively
energizing said cathodes, a source of alternating volt-
age, means for supplying said alternating voltage to
said anodes, means responsive to said alternating volt-
age source for producing a D.C. voltage, and sec-
ond switch means for selectively interconnecting said
alternating voltage source with said D.C. voltage pro-
ducing means so as to selectively supply said D.C. volt-
age to said first or second anodes in combination with
said alternating voltage to produce, in combination with
said first switch means, a resultant voltage which ex-
ceeds said given ignition voltage across a given anode-
cathode pair,

6. A circuit for energizing a load having a given
threshold voltage comprising, a source of alternating cur-
rent, a capacitor, means connecting said capacitor and
said current source in series with a first input of said load,
a second capacitor means connecting said second capaci-
tor and said current source in series with a second input
of said load, means connecting said first input to a point
of reference potential by means of a first current path
comprising, in series, a diode and first switch means, and
means connecting said second input to a point of refer-
ence potential by means of a second current path com-
prising, in series, a second diode and second switch
means,

7. A circuit as described in claim 6 wherein the maxi-
mum amplitude of said alternating current source is less
than said threshold voltage and further comprising, means
for coupling one terminal of said current source to said
point of reference potential, and means for selectively
operating said first and second switch means to estab-
lish a charge path between a given one of said capaci-
tors and said current source which includes the asso-
ciated switch means thereby to produce a resultant volt-
age at a given one of said load inputs which is the sum
of the voltage of the alternating current source and the
D.C. voltage on said given one of said capacitors, said
resultant voltage being greater than said given threshold
voltage.

8. A circuit as described in claim 7 wherein said load
comprises a gaseous indicator tube having first and sec-
ond anodes connected to said first and second inputs, re-
spectively, and a plurality of cathodes connected in pairs,
each of said anodes being operatively associated with
one cathode of each pair of cathodes, said threshold
voltage being the tube ignition voltage for establishing
current flow between any given anode-cathode pair, and
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separate switch means coupled to each pair of cathodes
for simultaneously applying an operating voltage to
both cathodes of a pair.

9, A circuit for emergizing a load having a given
threshold voltage comprising first and second parallel con-
nected current paths connected to a first input of said load
and third and fourth parallel connected current paths con-
nected to a second input of said load, said first and third
current paths each comprising, in series, an alternating
current source and a capacitor, said second and fourth
current paths each comprising, in series, a diode and
electronic switch means, and means for selectively op-
erating said switch means to establish a charge path
for a given one of said capacitors which includes its as-
sociated switch means and alternating current source
thereby to produce a resultant voltage at a given one
of said load inputs which exceeds said given threshold
voltage.

10. Apparatus as described in claim 9 wherein said
second and fourth current path electronic switch means
comprises first and second transistor devices, respective-
ly, each having a pair of input electrodes and an output
electrode, means for connecting one of said input elec-
trodes of each transistor to a point of constant potential
and the other input electrode of each transistor to a
source of switching voltage, and means for connecting
the output electrode of said first transistor in circuit with
said first anode and the output electrode of said second
transistor device in circuit with said second anode, said
switching voltage source supplying operating voltages to
said input electrodes for operating said first and second
transistor devices in mutually exclusive time intervals.

- 11. A circuit as described in claim 16 wherein said load

comprises a gas tube having first and second anodes
connected to said first and second inputs, respectively,
and a plurality of cathodes connected in pairs, each of
said anodes being operatively associated with one cathode
of each pair of cathodes, said threshold voltage being
the tube ignition voltage for establishing current flow
between any given anode-cathode pair, and a plurality
of switch means individually coupled to given cathode
pairs for selectively applying an operating voltage to a
given cathode pair whereby a current path is established
between a single anode-cathode pair.

12. A circuit arrangement for energizing a gas dis-
charge tube of the type having first and second cathodes
and first and second anodes operatively associated with
said first and second cathodes, respectively, said tube hav-
ing a given ignition voltage for establishing current flow
between any given anode-cathode pair, said circuit ar-
rangement comprising, a source of alternating voltage,
means for supplying said alternating voltage to said
anodes, means responsive to said alternating voltage
source for producing a D.C. voltage, and switch means
for selectively interconnecting said alternating voltage
source with said D.C. voltage producing means so as o
selectively supply said D.C. voltage to said first or second
anodes in combination with said alternating voltage to
produce a resultant voltage which exceeds said given
ignition voltage across a given anode-cathode pair.

13. A circuit for energizing a load having a given
threshold voltage for placing said load into operation
¢omprising, a source of alternating voltage having a peak
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amplitude below said threshold voltage and coupled to
one input terminal of said load, a capacitor connected in
series with said alternating voltage source between said
input terminal and a point of reference potential and
capable of being charged to a given value of direct volt-
age, means for selectively adding said direct voltage to
said alternating voltage to produce a resultant voltage
across said load which is greater than said threshold
voltage, said voltage adding means comprising said ca-
pacitor and unidirectional conducting switch means con-
nected between said one terminal of the load and said
point of reference potential, and means independent of
said voltage source for selectively operating said switch
means so as to establish a charge path between said ca-
pacitor and said voltage source thereby to charge said
capacitor to said given value of direct voltage.

14. A circuit for energizing a load having a given
threshold voltage comprising first and second parallel
connected current paths connected between one terminal
of said load and a point of reference potential, said first
current path comprising, in series, a source of alternating
voltage and a capacitor, said second current path com-
prising, in series, a diode and electronic switch means,
means connecting the other terminal of said load to said
point of reference potential so as to connect said load in
parallel with said first and second current paths, and
means for selectively operating said switch means fo
establish a charge path between said capacitor and said
voltage source which charges said capacitor to a given
value of direct voltage thereby to produce a resultant
voltage across said load which exceeds said given thresh-
old voltage.

45. A circuit for energizing a gas discharge tube hav-
ing an anode and a cathode for establishing a current path
therein, said tube having a given threshold ignition volt-
age, said circuit comprising, first and second parallel con-
nected current paths connected between one terminal of
said load and a point of reference potential, said first
current path comprising, in series, a capacitor and a
source of alternating voltage having a maximum ampli-
tude less than said given threshold voltage, said second
current path comprising, in series, a diode and electronic
switch means, means connecting said tube current path
in series with said one input terminal and said point of
reference potential, and means for operating said switch
means to establish a charge path between said capacitor
and said voltage source which includes said switch means
thereby to produce a resultant voltage across said load
which exceeds said given threshold voltage.
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